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The LASL Gamma-Ray Burst istronomy Program
R. W. Klebesadel, W. D. Evans, J. R. Laros
University of California, Los Alamos Scientific Laboratory

Los Alamos, New Mexico 87545

Gamma-ray bursts were first reported from observations performed by the
Vela satellites (Klebzsadel et al., 1973). The events were identified from
the Vela data primarily because of the rapid time variations resolved by the
data recorded by the gamma-ray flux monitors included aboard the Vela
satellites. The Vela 4 satellites, launched in 1967, were responsible for the
{nitial observation of a single remarkable event. Vcla 5 and Vela G
satellits . launched in 1969 and 1970, acquiced data which provided the
evidence necessary to estatlish convincingly the validity of the observations.

The Vela observations allowed identification of theae event:s because of
the unique gamma-ray burst monitoring inastrument employed. Thia system win
designed to respond to rapldly increasing count rates in an array of scin-
tillation detectora senslitlive to photona (and energetie particlen) deponiting
encergy in the rapge 150 to 740 keV or 300 to 1500 keV. Theoe data were
recorded in an on-board memory, ao that obaervallionn could be conducted nearly
continuously and independently of telemetry monftoring. Simultancoun obaervi-
tion* by identienl {natrumentation at widely apaced loeationa In o common
12,000 km circular geroceon.ric orbit, and usually iaciuding loeationn both
within and outaide | ecarth's magnetonphere, allowed refect ton of o 1heal

orlgin and conf'rmed tLthe true nature of Lhe eventn,
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The Vela satellites have recorded 73 gamma-ray bursts in the ten year
interval from April 1969 through April 1979. Table 1 1lists the events for
which the Vela satellites have recorded data. The individual systems have
responded with different efficlencles because of variations in sensitivities
and transient instrumental and operational problems. Currently, all four of
these svstems are still supplying data useful in the investigations of
gamma-ray bursts,

There existed a capability, through the good time resolution of the Vecla
data and moderately large separation between the satellites, for determining
directions to the sourcesa of the mrre intense bursts (iLnose observed by three
or four of the satellites) (Strong et al., 1974)., These data were initially
usaful in rejecting the sun and other major members of the solar aystem as
sourcns of the bursts. Although directional resolution is insufticient to
alinw identification of specific scurce objects, the diatributicon of these
sources is nearly isotropie, auggest.ing a near galactlic population or an
extria-galaecti » oriely, A marginally signifieant prefercnce in the distribu-
tion Loward Lthe gala “Llie equator rfuggaoated Lhat a nearly salactle population
Wi rosponsibla far Lthe haratna,

Upon publication of the Vela obaervations and through the cnoperat fon and
generoalty of Lhe Naval herearch Laberatory we worte able to tnelude gamma-ray
burat monftors atoar:” Lthe NRL aatel Hiten SOLRAD 1A and 110, Thils inatrumen-
tat fon wan pather moacat |, nince (4 wan Incorporated within contingencinn for
welght and power, at. a Lile atape (o Lhe destigre, The tnatruamenta perfaormed
well butl had o short e becanse of apaceoraft. Lhermal control problema.  The
two SOLRAD 11 apacecraft were Launched Apedl 1976, 1TIR telemetry Lranoamin-
atonn araned in Decomber 1976, while the gamma hur ot innd rament. abomrd 1A

vont inted Lo opeprale aporadleally ant LU Jdaly 19,
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These instruments responded to a total of nine gamma-ray bursts. Of
these, all were observed by at least one Vela, which was a criterion frr
verification of a candidate event. Four of the events we.e also cbservec by
Helios-2. Event 761220 was the most intense event occurring in Lhis period,
and was observed by both Solrads, three Vela:, and I :1i0s-2. The event as
recorded by Solrad 11B is shown in Fig. 1.

In response to a NASA request, LASL proposed a gamma-ray burst monitor to
be included aboard the Pioneer Venus Orbiter spacecraft. The exp~riment was
authorized in 1975 and was launched in May 1978. The instrument was placed in
operation one day after launch and has served almost continuously since that
time. During the same period we collaborated with UCBR/Space Scilences Lab,
providing the logics and memory necessary to utilize the IGEE-3 solar x-ray
spectrometer as a gamma-ray burst monitor (Anderson et al., 1978). ISEE-3 was
launched in August 1978, and 1! too has been serving nearly continuously since
that time.

Bot 1 the Pioncer Venus and ISEE=3 instruments are in current operation
fulfilling their misaion. Another paper presented at this symposium (Evans et
al., 197%) deacri':2a the Pioneer Venus inatrument and results. The ISEK-3
gamma-ray burst experiment utilizea elpnnta derived from the x-ray spectrom-
eter, .. own in Fig. 2. A tantal'm collimator is reculired to reduce the back-
ground counting rates in che enerzy range brlow 100 keV from sourcea lying
>7° beyond the plane of the ecliptic. The collimator was deslgned Lo minimize
attantuation above 100 keV so an to provide, ar nearly an possajible with the
given geometry, a uniformly omnidirectionn]l resnponac. The 1SEE-1 {pnutrumsnt
ia somewhat lean sensitive than Ploneer Vepus boecause of a slight.ly amal "or

aren and slgnificantly higher enerpy threahold., Alaso, nilnee there s a alnple



senscor, there is a higher potential for spin rate modulation for those sources
located in the southern ecliptic hemisphere.

The ISEE-3 logics provide a capability of storing data in different modes,
depending upon whether a response is determined to be caused by a gamma-ray
burat or an x-ray burst from a solar flare. This determination is based upon
the spectral distrlbution of the response. 1In the gamma-ray burst mode of
operation count rate dala in the full differential energy range 132 { E < 1250
keV are accumulated in data samples recorded on a period of 11.7 ms. When the
counting rate rises to a level such that 16 counts are accumulated within less
than the 11.7 ms basic period, the time-to-spill, i.e., time required to
attain this 1luvel of 16 counts (with resolution of v 1/4 ms) is recorded,
rather than the level of accumulation. The riata sample 1s presented as a 6
bit number, coded to avold ambiguity between counts accumulated and time-to-
-uill., A single set of spectral data in six sub-intervals bounded by diascreto
threcholds at 132, 164, 228, 356, N84, TUO, and 1250 keV is accumulated with
each sl of twelve samplen in the full energy interval, comprising a data
frame., While operating in the aviascent state, sixteen such frames are
contalned In a circular memory, preserving data representing the history of
the detector reaponne Ln the prece ling 2.2% second:,

The onset of an event 1is lden! ified anl high-resolution data acquiattion
ia Inltiated by a "trigger" syatem based upon a logleal comparison of countn
in the full rnergy interval a2cumulated on periods of 170, 1, and 2 8 to
loginally conntructed refoerencea which pepresent levein anticelpated with o

6 or 10-” (selectable upon command).  When the

random probability of 107
trigrer eriteriun 1a aatiafled In any of these three channela, data acquini-

tion into the exvepriment memory In Inttiatod, and continues until Lhe memory



is completely filled. The memory may be read out automatically, upon comple-
tion of the data acquisition cycle, or upon command, as a function of a com-
mand selectable option.

The ISEE-3 instrument has bcen in operation since August 1978. 1In that
time, responses to 11 events were recorded as shown in Table 2 which tabulates
the participation of LASL instrumentation in observations of verified events.
Scne ISEE-3 data were lost because of unscheduled telemetry outages.
Generally, however, the efficiency in recording GRBs has been ccmparable to
that of the Pioneer the Venus experiment.

1t was our hope and our intention that we would be able to respond to the
occurrence of g mma-ray bursts by providing directional analyses on a short
time scale, alerting astronomers and allowing them to oba:rve posasible longer
lived phenomena assoclated with the events. Such rapid reporting has been
effected from the Vela satellites nlone since 1974, However, operational and
instrumental problems as well as a low frequency of eventn of lntenslity
observable by avallable instruments preclude: any slgnificani real-timn
reporting in that early period. Also, the directional resolution available
from the Vela data wars insufficlient to warrant searches with high reaolution
vand, consequently, small fleld) instrumenl.s.

Utilizing data acquired through full-time tracklng of the 13EE=-4 apace-
crat-.. and quick-lcok data from Picneer Venus together with vela Jdatn, we had
hoped to be able to exercute dlrectional analysea quizkly and with precinion,
Unfortunately, we dlscosered thait [SFE-3 operations did not include actlve
moritoring of the Lelemotry, and data were avallable routinely only from
processed data tapea, with dolayn of six to elght weeks, Data were avallable

more qulckly, only upon aprelfic requeat, through a procedure which required
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TABLE 2
GAMMA RAY BURSTS OBSERVED BY LASL INSTRUMENTATION

INCLUDING HELIOS, PROGNOZ, AND SIGNE (VENERA) 11 AND 12 RESPONSES

Signe
Event Py IC HB P7 1 12 SA 5B 6A 6B
-1978-
05/21 X X X
09/14 X X
09/1¢ X
09/21 X X X
10/19 X X X
11/04 X X X X X X 4 X X
11/15 X X X
11719 X X X X X X X X X X
11/21 X X X
11724 X X X
12713 X X X
~1979-
N1/13 X X X X
03705 X X X X X X X X X
03/07 X X
03713 X £
N3y/ehH X X X X
03/30 X X X
0l /06 X X X X
ou/18 X X X X
WEFAL] X
0613 X X X
06/2h X Y
P = Plorecer Venun Ovbiter 11 = Venern 11
L = ISEE-}3 12 = Venera 12
IR = Helion-RB SA...06B = Jela HA.. . Veln 6B
Fl = Progros 'l
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re-playing data logging tapes at the operations center and including the
delays of transmitting data through the mails.

The availability of Pioncer Venus data also provided less tha optimum
condi:ions for rapid analyses and reporting. The computer based quick-look
system was not imp’ emented until orbital insertion on 1978 Dec. 4, and was
supported only until 1979 Sept. 20. During the cruise phase of the mission
previous to orbital insertion znd presently we receive quick- 'ook data throuzh
listings produced at the Pioneer Venus operations center located at the
NASA/Ames Research Center. Telephone notification of the event flag condition
is also prcvided. However, the current frequency of events triggered by solar
activity discourages attempts to expedite d=2“a transmission through extra-
ordinary means.

Additionally, fully processed data have been made available orly since
June 1979. These data were required to characterize the operation of thea
instrument, particularly to calibrate the clock and to establish the actual
sensitivity at which the sensors arc operating. These data alsn provide full
coverage, including some events which were not recovered through the
quick-look syst.cm.

Trn all, we vere disappointed by our lack of a ecapability to reapond
raplidly to eventa. We continne to belleve that such rapid responar Ia 1
worthy goal, but achieving that goal through Lhe preasent techniques of
triangulaticn from widciy spared platforms wo:ld require a greater commitment,
on the part of those responsible for program operationsa. Perhapa a better
technique. but one requiring a conalderably greater lnvestment. Ln developm: nt
and .nstrurentation, Is imagiag, the source with a ayatem having inherent.

ilrectional renolut.ion.



With fully processed data available, however, we are capable of contri-
buting toward the primary objectives of these instruments: the precise
determination of directions to gamma-ray burat sources. Approximately 20
events presenting a potential for reasonably precise locations have already
been identified with a number of additional candidates as yet unverified.
Further, the instruments contributing toward these measurements remain in good
health, and may be expected to continue to prcvide observations.

The ultimate precision in directional determinations will require cooperz-
tive analyses of daca from all members of the array of gamma-ray burst moni-
tors. The primary goal of this meeting is that of furthering such
cooperation. We hope that the interchange will promote that goal through

imnroved mutual understanding ol the various instruments involved.
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'igure Captions

Fig. 1. The gamma-ray burst event of 76/12/20 as recorded by SOLRAD 11B.

Fig. 2. The configuration of the sensor of the ISEE-3 Solar X-Ray

Spectrometer/Gamma Burst Detector.
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